Introduction
The 2008 Washington International Renewable Energy Conference (WIREC) was held in Washington, D.C., from March 4-6, 2008 , and involved nearly 9,000 people from 125 countries. The event brought together worldwide leaders in renewable energy (RE) from governments, international organizations, nongovernmental organizations, and the private sector to discuss the role that renewables can play in alleviating poverty, growing economies, and passing on a healthy planet to future generations. The conference concluded with more than 140 pledges from governments, international organizations, and private-sector representatives to advance the uptake of renewable energy (see Table 1 at the end of this report).
The U.S. government authorized the National Renewable Energy Laboratory (NREL) to estimate the carbon dioxide (CO 2 ) savings that would result from the pledges made at the 2008 conference. This report describes the methodology and assumptions used by NREL in quantifying the potential CO 2 reductions derived from those pledges.
As a first step in this process, analysts reviewed and placed each WIREC pledge in one of two categories (Tier 1 or Tier 2). Tier 1 pledges were characterized as pledges that included specific metrics (e.g., "x" number of megawatts (MW) of renewable energy technology installed; or "y" percentage of renewable energy in total energy mix) where a specific greenhouse gas (GHG) impact could be derived from the pledge. Tier 2 pledges were defined as pledges that will enable broader RE deployment, but did not include specific quantifiable elements that would allow for a specific GHG impact to be derived. Examples include research and development (R&D), resource assessments, grants, loans, and project financing. Because this distinction was not entirely clear in all cases, NREL asked contributors to review their pledges and provide any additional information or detail if they viewed a Tier 2 pledge as more appropriate for Tier 1 classification.
To facilitate easier review and consistency across Tier 1 pledges, NREL developed four standard templates to evaluate common pledges. These included pledge targets measured by: 1) Installed RE Capacity; 2) Total Primary Energy Supply provided by renewables; 3) Total Primary Energy Consumption met by renewables; and, 4) Alternative Fuels produced. The templates were populated by the pledge information and other assumed factors outlined in the sections below. For those pledges that did not logically fit in one of these categories, analysts carried spreadsheet-based calculations using the same methodology outlined below, but a standard template was not used.
Unless specifically noted in the pledge text, the baseline year for energy and emissions growth was 2005. This start date allowed for consistency across pledges and facilitated the use of a common International Energy Agency (IEA) database for 2005 energy use.
The analysis used incremental GHG reductions from 2009 through 2030 for all pledges, with the assumption that measurable GHG impacts from pledges made at the WIREC conference in the spring of 2008 would begin in 2009. Analysts selected 2030 as the end date, which would provide a reasonable time horizon to demonstrate the benefit of cumulative reductions during that period.
The source text for all pledges was taken from the Renewable Energy Policy Network for the 21st Century (REN21) Web site, 1 which included the written definition and assumptions for each pledge provided by the pledge maker. In cases where pledges included multiple commitmentssuch as both an electricity and a fuels component -the elements of the pledge were assessed individually. 
General Approach
In Equation 1, i = year >2008 and ≤ 2030; RE use = RE electricity, energy consumption, energy production, or fuel use depending on the sector(s) targeted by the pledge; and ΔCO 2 EF is the change in emission factor from the traditional energy mix to the renewable energy mix (CO 2 EF for traditional energy mix -CO 2 EF for the renewable energy use). The GHG emissions reductions attributable to the pledge were estimated by summing the annual reductions occurring in 2009-2030.
Emission Factors
The GHG emission reduction estimates from nonfuel pledges assumed that GHG emissions from RE are zero. In addition, analysts assumed that each unit of electricity reduced through energy efficiency (EE) measures offset an equivalent unit generated at the average national emission factor. Although renewable technologies such as wind and solar have GHG emissions associated with manufacturing and transportation and, to a lesser degree, operation and maintenance, emission factors levelized over the lifetime of these units will be orders of magnitude less than those from fossil fuels. This should not substantially impact the emission-reduction estimates that apply to these technologies. This is not necessarily the case for bio-based renewable energy production, whose GHG emission factors can vary widely and depend greatly on feedstock type and cultivation processes. This simplification will add some degree of uncertainty to the GHG emission-reduction results.
The assumption that GHG emissions from renewables is zero means that the "change in emission" factor used in Equation 1 is equal to the emission factor for the traditional energy mix. ctors on whether the pledge applied to total electricity generation, Analysts based the emission fa production, and domestic supp energy consumption, or energy production. The emission intensity for each of these metrics was available by country for 2005. For this analysis, the emission factors from 2005 were applied for calculations of GHG reductions in all subsequent years to 2030.
Emission factors for the electricity sector, which analysts obtained from the IEA, 2 were reported in units of grams (g) CO 2 per kilowatt hour (kWh). NREL obtained emission factors for energy production from the IEA Web site, which reports the total primary energy supply (TPES) CO 2 EF on the Indicators page for each country in units of tons CO 2 per ton of oil equivalent (toe).
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Analysts obtained emission factors for energy consumption from data available on the Energy Information Administration (EIA) Web site. The EIA reports total primary energy consumption (TPEC) in quadrillion British thermal units (BTU) and CO 2 emissions from consumption of fossil fuels on its country-level Energy Profiles. 4 Analysts used these values to compute the emission factor for pledge-impact estimates using TPEC.
Baseline Total and Renewable Energy Use and Growth Factors
To estimate the impact of pledges to increase renewable energy to a percentage of supply or consumption in a given year, analysts first estimated what the total supply and consumption would be during the analysis period. Base-year electricity generation values were obtained from the IEA Electricity/Heat pages for each country; the total production values on these pages were used as the base-year electricity values. When a pledge referred to total production, the TPES values from the IEA Indicators were used as the base-year values. For pledges referencing energy consumption, the total primary energy consumption values on the EIA country profile were used as the base-year values.
NREL obtained the growth rates applied to these base-year values from the IEA World Energy Outlook, 5 which reports consumption demand growth in percentage per year, based on status in the Organization for Economic Cooperation and Development (OECD) and continent. This analysis assumed constant growth rates from the base year to 2030 (the analysis period). Because the coarse aggregation of growth rates and assumption of constant growth added error to the analysis, reviewers were encouraged to provide more accurate, country-specific information where available.
When baseline renewable energy contribution was provided by the pledging agency, those values were used in the analysis. For pledges that did not include baseline renewable energy data, values were collected from the IEA Web site country pages. When baseline electricity use was required to compute the pledge impact, the gross electricity generation in 2005 from all renewable sources was summed to get total gigawatt hours (GWh) in that base year. For pledges targeting total production, analysts converted the gross electricity generation, gross heat ly reported on the IEA renewables pages to common units and 4
Motor gasoline consumption ( to get the final number used in summed them for all renewable sources; these were then used to compute the percentage contribution to TPES. For pledges targeting consumption, analysts summed the gross electricity generation, gross heat production, and total final consumption values from the IEA renewables pages for use as the base-year renewable contribution to TPEC.
This analysis assumed that renewables experienced linear growth between the base year and the target year, and that the renewable contribution to the energy mix remained constant after the target year until 2030. For example, if a country had 0% renewable electricity at the time of WIREC (2008) and stated a target of 10% renewable electricity by 2012, the percent renewable contribution would grow by 2.5% each year until 2012. The total GWh corresponding to 10% of the total electricity production in 2012 is assumed to be an ongoing contribution for all years 2013-2030.
Units and Conversions
The reporting units of pledge impacts depended on the target sector of the pledges, with electricity-sector estimates based on kWh, and TPES and TPEC based on toe. When reported values did not correspond to these numbers, analysts used the IEA online unit converter.
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The final results for the CO 2 avoided in the pledge's target year, and cumulatively for 2009-2030, are reported in million metric tons of CO 2 .
Fuel Consumption Calculations
If data for fuel consumption was not included in the specific pledge, analysts obtained information from the IEA database for 2005. Using the IEA Web site country pages, fuel data was obtained from the "Oil" link in the transport section; data for motor gasoline was obtained from the column titled "Motor Gasoline" from the same IEA country page; and data for petrodiesel was obtained from the column titled "Gas/Diesel."
All conversion factors were based on information from the bioenergy section of Oak Ridge National Laboratory's Web site. 7 Using this database and IEA data from the sources noted above, the following conversions were used:
Motor Gasoline = 1,356 L/tonne. Petrodiesel = 0.84 g/ml (converts to 1,190 L/tonne).
"Motor Gasoline" IEA data was multiplied by the motor gasoline conversion factor (1,356 L/tonne) to get liters of motor gasoline consumption.
The "Gas/Diesel" IEA data was multiplied by the petrodiesel conversion factor (1,190 L/tonne) to get liters of gas/diesel consumption. in liters) and the gas/diesel consumption (in liters) were summed the calculation spreadsheet.
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Renewable fuels were assumed for the purposes of this analysis to be cellulosic ethanol, corn ethanol, and biodiesel. The fuel pledge for each country was assumed to be met with ethanol or biodiesel in the same relative proportion as current use of gasoline and petrodiesel. Ethanol was assumed to be 50% sugar/starch-based (e.g., corn or sugar cane) and 50% lignocellulosic. Greenhouse gas emissions savings with this ethanol mix as a replacement for gasoline was estimated to be about 40%. Biodiesel was assumed to reduce greenhouse gas emissions by 50% from petrodiesel; varying biomass sources and cultivation practices made more precise estimates impractical.
Summary
The WIREC 2008 pledge process clearly demonstrates that renewable energy will play a key role in the global effort to meet future energy needs and reduce greenhouse gas emissions. While there are still methodological and data challenges in measuring the precise GHG impact of the measures proposed, there is no doubt that many nations are looking at renewable energy technologies as a way to meet a large part of their future energy needs as well as reduce their carbon footprint, particularly in the electricity sector. NREL evaluated 145 WIREC pledges, which have the potential to provide thousands of megawatts of renewable electricity capacity through 2030, and eliminate billions of tons of CO 2 that otherwise would have been generated from conventional sources.
The WIREC 2008 pledges represent a diverse number of actors and sectors, illustrating a wide variety of opportunities that exist to accelerate renewable energy markets. In addition, the diversity of these pledges shows that both mandatory and voluntary approaches can complement one another in achieving real and measurable impacts on the ground. In respect to the Tier 2 pledges that were not quantified in this exercise, the likely market impact is also significant. For example, research and development (R&D) pledges will play a key role in helping meet renewable energy goals without overburdening national economies because the 10-to 20-year timeline for most pledge goals will enable renewable energy technical milestones to be met, thereby significantly reducing the commercial costs of these electricity and alternative fuel options. Financial and in-kind pledges also will help reduce the near-term economic burdens of renewable energy options, particularly in developing countries.
Project leaders hope that this methodological exercise and the associated templates will directly assist in the process of evaluating new pledges and tracking progress on existing voluntary commitments. With this goal in mind, all of the calculation spreadsheets, templates, and supporting documents will be maintained on a public database for viewing and updating. 
